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Roger F. Hou, C.S. Chiu and Mei-Lin Tsai (1987) Effect of ecdysterone on 
red fluorescent protein intensity in the silkworm, Bombyx mori L. Bull. Inst. Zool., 
Academia Sinica 27(1): 1-5. The variation in antiviral red fluorescent protein (RFP) 
intensity purified from midgut of the silkworm, Bombyx mori, was studied using 
thoracic ligation and exogenous administration of ecdysterone. The 4th instar larvae 
had less RFP intensity after thoracic ligation from 24 to 44 hr post-ecdysis, but the 
intensity was greatly increased by injecting ecdysterone especially within 24-36 hr 
after ecdysis. The RPF intensity in ligated 4th instar larvae could be compensated 
by injecting ecdysterone at 0.4 ug/l. Therefore, it is suggested that the RFP syn- 
thesis in midgut could possibly be regulated by a cephalic factor(s) and ecdysteroids. 
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l The silkworm, Bombyx mori, contains 
antiviral substances in its gut juice (Aizawa, 
1962). A red flourescent protein (RFP) was 
isolated from silkworm gut juice and 
to be able to inhibit B. mori nuclear poly- 
hedrosis virus (BmNPV) infection (Muka 
et al, 1969; Hayashiya ef at., 1971). The 
antiviral activity of the RFP was proposed 
to be due to the enzymatic activity of 
phospholipase C (Hou and Chiu, 1986). Liu 
and Hou (1985) has indicated reduction in 
larval mortality caused by BmNPV due to 
administration of an ecdysteroid-containing 
agent when given before viral inoculation. 
There is a peak of ecdysone titer immediately 
before the 3rd ecdysis in B. mori followed 
by a highest RFP intensity during the 4th 
ecdysis (Hayashiya, 1975; Calvez et al., 1976; 
Tojo et al., 1981). Furthermore, ecdysteroids 


may be stimulative to midgut protein syn- 
theses in lepidopterous larvae (Doane, 1973). 
It is thus reasonable to speculate that the 
RFP formation is regulated by ecdysteroids — 
in silkworm midgut. This paper presents 
evidence that RFP intensity is affected by 
thoracic ligation and ecdysterone injection. 


MATERIALS AND METHODS 


Insects 


The silkworm, B. mori, was a hybrid of 
(KuoxFu) X (NungxFeng) raised by the 
Taiwan Sericultural Improvement Station, 
Miaoli. The eggs were incubated at 25°C, 
75% R.H. for 10-12 days. The newly hatched 
larvae were reared on mulberry leaves until 
the 4th instar. 


Purification and measurement of RFP 
The purification of RFP was carried not 
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according to the procedures modified from 
Hayashiya et al. (1968), but the ion ex- 
change step was omitted since Chiu (1983) 
found that one-step chromatography using 
Sephadex G-75 filtration only is as efficient 
as two-step chromatography. The fluores- 
cence strength of the purified RFP was read 
as emission at 660nm after excitation at 
550 nm with a fluorescence spectrophotometer 
(Perkin-Elmer 2000). Each fluorescence 
strength measurement was calculated on the 
basis of unit larval weight. Comparison of 
RFP intensity among various treatments was 
based on the highest fluorescence strength 
as 100%. 


Thoracic ligation and ecdysterone treatment 


The 4th instar larvae were ligated with 
nylon threads around the thoracic segment 
between the 1st and 2nd. pairs of prolegs at 
different ages. Fifty larvae were ligated in 
each treatment. The midgut was dissected 
out through the dorsal side on day 3 post- 
ligation. The RFP was extracted and puri- 


fied from the dissected midguts, and that. 
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purified from the larvae without thoracic 
ligation served as a control. 

For ecdysterone administration, the 4th 
instar larvae of various ages were iniected 
with ecdysterone (Sigma Chemical Co., St. 
Louis, Mo., USA, ecdysterone was dissolved 
in ethanol at a final concentration of 0.4 ug/ 
(el) through the abdominal intersegmental me- 
mbrane by using an automatic microsyringe. 
The midgut RFP was purified 3 days after 
injection. In the other series of experiments, 
the 4th instar larvae 60-66 hr after ecdysis 
were ligated and then injected with 0.4 ug/ 
ul ecdysterone 24 hr after ligation; RFP was 
then purified from midguts after incubating 
for 2 more days. l 


RESULTS 


| The 4th instar larvae 24-96hr after 
ecdysis were ligated through their thoracic 
segments. The RFP produced by the ligated 
larvae was purified, and its intensity was 
measured. The RFP intensity of ligated 
larvae 24-44 hr post-ecdysis was significantly 
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Fig. 1. 
ligation at various larval ages. 


Red fluorescent intensity of the purified RFP from 4th instar B. mori after 
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Red fluorescent intensity (9) 
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Fig. 2. Red fluorescent intensity of the purified RFP from 4th instar B. mori after 
injection of ecdysterone at various larval ages. 


lower than the normals, the difference being 
almost 3 fold. However the intensity be- 
tween the normal and the treated insects 
became closer starting from 66hr and 
reached almost the same level by 84hr after 
ligation. The lowest RFP intensity was 
obtained from the ligation at 44hr post- 
ecdysis, while the production of RFP was 
hot obviously deterred if ligated 72hr after 
ecdysis (Fig. 1). 

The larvae were injected with ecdyster- 
one from 24hr to 96hr after ecdysis. Fig. 
2 shows stimulation of RFP production by 
exogenous administration of ecdysterone. 
The highest RFP intensity resulted from 
injection of ecdysterone by 24-36hr post- 
ecdysis. In comparison of all treatments, 
the ecdysterone-injected larvae produced 
more RFP than the uninjected larvae, while 
the larvae injected with ethanol solution 
only had RFP strength similar to the normal 
insects. The 4th instar larvae were ligated 
through thorax 60, 63 or 66hr after ecdysis, 
and were injected with ecdysterone at 0.4 
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Fig. 3. Red fluorescent intensity of the purified 
RFP from the ligated 4th instar B. mori 
after injection of ecdysterone at 60-66 hr 
post-ecdysis. 


ug/ul one day after ligation. The RFP 
contents of these insects were determined 2 
days after ecdysterone injection. Fig. 3 
shows that the normal larvae contained 
higher RFP intensity than the injected in- 
sects in 60- and 63-hr-ligated treatments, 
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but the intensity was slightly higher in 
ecdysterone-injected larvae than in the nor- 
mals if treated at 66 hr post-ecdysis. In con- 
trast, the ligated larvae without injecting 
ecdysterone at the same age produced much 
less RFP (Fig. 1). It is thus hypothesized 
that ecdysterone functions as an effector to 
rescue the reduction in RFP formation due 
to thoracic ligation and that a cephalic 
factor(s) is essential for its production. 


DISCUSSION 


Injection of exogenous ecdysteroids may 
reduce larval mortality of Heliothis virescens 
inoculated with nuclear polyhedrosis virus 
(NPV) (Keeley and Vinson, 1975). Although 
the hormonal inhibition of viral injection in 
insects is still unclear, the antiviral activity 


enhanced by insect hormones could possibly 
be explained by the following hypotheses: .- 


(1) hormones could directly reduce the viral 
replication in host cells; (2) hormones might 
regulate the cellular metabolism to defend 


the viral infection in susceptible cells; (3) 


hormones could stimulate the production of 
antiviral substance(s) in host cells. The 
hormonal interaction between insect hosts 
and their parasites has been elucidated by 
Beckage (1985). It is not known if -insect 
hormones might activate antiviral activity 
of host cells in the same manner as parasites 
do. However, our results seem to support 
the 3rd hypothesis mentioned above. 

The RFP synthesized in silkworm mid- 
gut is effective in suppressing BmNPV infec- 
tion (Hayashiya, 1978; Hou and Chiu, 1986). 
Hence, factors stimulating RFP formation 
should. be capable of enhancing antiviral 
activity. Liu.and Hou (1985) reported re- 
duction in larval mortality of B. mori by ad- 
ministrating an ecdysteroid-containing agent 
before ‘inoculating with BmNPV. They pro- 
posed: that “ecdysteroids’ could strengthen 
antiviral activity in silkworms. The present 
results Suggst that the production of RFP -is 
regulatéd. by a cephalic factor(s) as revealed 
by thoracic ligation, and that the exogenous 


administration of ecdysteroids could increase 
RFP intensity and compensate for the reduc- 
tion in the intensity resulting from thoracic 
ligation. Regulation of midgut protein syn- 
thesis by ecdysone is possible in lepidopter- 
ans (Doane, 1973) and the fact that ecdysone 
synthesis in prothoracic glands is activated 
by the prothoracicotropic hormone (PTTH) 
released by corpora allata has been proved 
in insects (Bollenbacher and Granger, 1985). 
It is thus not surprising to note that RFP 
formation is reduced after thoracic ligation. 
However, this synthetic activity can be 
rescued by injecting exogenous ecdysterone 
into silkworms as shown in the present 
study. Therefore, the antiviral RFP in silk- 
worm midgut could possibly be synthesized 
under the hormonal control of ecdysteroids. 
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